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The present invention relates to a method for dynamically verifying a multiple beam 
antenna placed on a craft The method has been developed based on problems in 
5 building a military jamming system, but may of course be used in any other case 
where it is desirable to verify the properties of a multiple beam antenna. 

A military jamming system must be able to direct much radiated energy in precise 
directions round the transmitting antenna. The directions must be able to shift 
quickly. When such a system is bunt up or provided, it must, like in other cases, be 
possible to verify the properties of the components included by testing. Such a 
system comprises on the one hand a multiple beam antenna and, on the other hand, 
equipment for calculating and generating pulses in predetermined directions. 
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In a multiple beam antenna system, the emitted energy can be controlled by select- 
ing one of a large number of transmitting beams. In order to direct the beam in the 
correct direction, information about position and heading of the antenna must be 
available. If the antenna is placed on a craft, instantaneous information is required. 

Testing of a multiple beam antenna may take place in steps. A first test can be per- 
formed in laboratory environment. After mounting in a craft, finally the antenna ' 
must, however, be tested under dynamic conditions, i.e. while the craft is moving. 
The invention relates to a method of verifying a multiple beam antenna placed on 
a craft, such as a ship. In such tests, the function of the antenna is verified under 
various sea conditions. A stabilising system, if any, will then also be fully tested. 

A special problem arises when it is desirable to verify data of a multiple beam 
antenna when the equipment for calculating and generating pulses is not available. 
In this case, some kind of provisional solution must be prepared, allowing the func- 
tion of the multiple beam antenna itself to be verified. The object of the invention 
is to solve this problem, which takes place by the invention being given the design 
that is evident from the independent claim. Suitable embodiments of the invention 
are defined by the remaining claims. 


35 The invention will now be described in more detail with reference to accompanying 
drawing, in which 
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Rg. 1 shows a preferred embodiment of a ship's unit that is used in the 
invention, 

Fig. 2 shows a preferred embodiment of a transponder that is used in the 
invention. 

Rg. 3 shows a preferred embodiment of a measuring station that is used in 
the invention. 

Rg. 4 shows a conceivable appearance of what is shown by a spectrum 
anatyser (to the left) and an oscilloscope (to the right) while measur- 
ing according to the invention, and 
Rg. 5 shows what the geometry may look like round a ship while measuring 
according to the invention. 

The invention is used to verify a multiple beam antenna that is placed on a craft The 
craft has a device for determining its position and course and a transmitter that is 
able, to emit pulsed signals via the antenna. The craft is intended to move within a 
predetermined measuring area. More than one transponder, in an example that will 
be described here four transponders, are placed in different directions round the 
measuring area. Each transponder is adapted to receive a pulsed signal of at least 
one frequency which differs between the different transponders. The transponders 
are provided with a receiving antenna that is capable of receiving incoming signals 
from the entire measuring area. Furthermore, a common measuring station is placed 
in connection with the measuring area. 

The transponders 'are adapted to send, after receiving said pulsed signal, a com- ( - 

spending pulsed signal to the measuring station. The time sequence of the signals 

may be used to distinguish the different signals at the measuring station. In a 

particularly suitable embodiment of the invention, the transponders emit signals to ^ 

the measuring station within different mutually neighbouring, narrow-band 

frequency ranges. In this way, the signals from different transponders will meet 

essentially the same wave propagation conditions on their paths to the measuring 

station. At the same time the different frequencies of the signals give additional 

security when the signals are to be distinguished. In this case, a spectrum analyser 

may be used at the measuring station for analysing the signals. In the following 

examples, it is assumed that this technique involving different frequencies is used. 
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The craft is made to move within the measuring area, and the position and course of 
the craft are determined before a measuring sequence. A measuring sequence 
comprising a reference signal from the craft to the measuring station, a first puised 
signal to the first transponder, a second pulsed signal to the second transponder etc 
are emitted from the craft via the antenna that is to be verified. The reference signal 
and the subsequent pulsed signals from the transponders are detected at the 
measuring station. While the craft is moving in the measuring area, a number of 
measuring sequences are emitted. Finally, measuring and calculating equipment at 
the measuring station calculates to what degree the antenna manages to direct 
signals in different directions round the craft for different frequencies. 

The ship's unit is the unit controlling the entire testing process. The heart of the unit 
is a computer. Fig. 1 shows a preferred embodiment of the ship's unit where the 
computer 1 receives position data 2 in the form of GPS data and course of the ship 
continuously (tor instance at a rate of 100 Hz). For each set of transponder 
positions, which may be the same for a long period of measuring, the GPS 
coordinates of the transponders are manually input in the computer as target data 3, 
impositions to which the emitted energy is to be sent 

The computer 1 controls a frequency synthesizer 4 and a pulse generator 5 via a 
data bus, for instance a GPIB interface. The pulse generator controls a microwave 
switch 6 which generates microwave pulses of a predetermined length. A pulse 
sequence in which the different pulses have different frequencies is output from the 
microwave switch: The computer gives a control command (directional information) 
7 to the multiple beam antenna 8 for each output pulse, based on the position and 
course of the ship and the position of the different transponder units. The system 
provides for a predetermined frequency to be sent to a selected transponder unit 
Owing to the fact that both side bands can be utilised in the transponder units, two 
frequencies can be sent to each transponder unit 

To be able to observe received signals at the measuring station, the emitted pulse 
repetition frequency PRF must be adapted to the current geometry of the test. The 
difference in path of propagation between the different signal paths is dimensioning 
for the highest possible PRF that can be used. 
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Rg. 2 shows a transponder. The transponders consist of an omniantenna 9 a 
frequency stable oscillator 10, for instance a DRO (Dielectric Resonance Oscillator) 
forfrequency conversion via a mixer 11, a bandpass filter 12, a power amplifier 13 ' 
and a d,rectional antenna 14. The transponder has a unique frequency at which it 
operates and which is determined by the frequency of the escalator. All transponders 
convert the input frequency to a frequency dose to 12 GHz (separated about 10 
MHz) which is linked on to the measuring station. 

The receiving antenna 9 should have a beam that covers the current geometry of 
the sh.p movements provided by the target path. A simple omniantenna is a suitable 
alternate since the antenna gain should normally not constitute a problem. The 
transmitting antenna 13 suitably consists of an antenna hom with a narrow beam. 
This is feasible when only a fixed connection between two points is involved. 

15 The received signal is mixed down or up to about 12 GHz which is sent on to the 
centrally arranged measuring station. 
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By selecting suitable frequencies, the multiple beam antenna can be tested over the 
entire frequency range and at optional angles. The table below indicates the 
frequency f OR0 of the transponders, the tested frequency of the multiple beam 
antenna and the frequency for the transmission between transponder and 
measuring station. 


fDRO 

[GHz] 

Multiple beam 
antenna 
frequency 
[GHz] 

Transmitted 

frequency 

IGHzJ 

Multiple beam 
antenna frequency 
[GHz] 

Transmitted j 

frequency 

[GHz] 

5.02 

17 

11.98 

7 

12.02 

4i04 

16 

11.96 

8 

12.04 

3.06 

15 

11.94 

9 

12.06 

"208 

14 

11.92 

10 

12.08 


25 The reference signal of the craft to the measuring station can be sent at, for 

instance, 12.4 GHz. The different frequencies make it possible to distinguish in the 
measuring unit the reference signal, which is there used as a trigger signal, and the 
different transponder signals. When the frequency sequence is known, the 
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composition of received signals will allow identification of which transponder has 
possibly not emitted the correct signal. 

In measuring, the reference signal may be used to start a counter that continuously 
counts the number of received pulses per reference pulse. This results in statistical 
data indicating the average of number of errors in the directioning of the multiple 
beam antenna. 

Fig. 3 shows an embodiment of the measuring station. The measuring station 
consists of an omniantenna 15, a preamplifier 16, a directional coupler 17, a 
spectrum analyser 18, a frequency stable oscillator 20 for frequency conversion by 
means of a mixer 19, a power divider 21, a band-pass filter 22, a detector 23, an 
oscilloscope 24, a band-pass filter 25 and an amplifier 26 of the type Detector Loop 
Video Amplifier (DIVA). The reason why there is a conversion step in the measuring 
unrt ,s the much greater selectivity that can be obtained since it is easierto separate 
reference signal and measuring signals by using steep filters. 

The receiving unit converts the signal down to base band (in this case about 1 GHz). 
Itis then possible to see in an oscilloscope which position does not function every 
time. By letting the spectrum analyser be set for integration of a number of sweeps, 
the level of each frequency component may represent how many of the outputs go ' 
wrong. This implies that the transponder units are adjusted in amplitude, so that the 
answers will be equal in terms of amplitude. 
I 

Fig. 4 shows a conceivable appearance of what is shown by the spectrum analyser 
(to the left) and the oscilloscope (to the right). 


fig. 5 shows what the geometry may look like round a ship whose multiple beam 
antenna is to be verified, The ship is designated F, the transponders A B, C, D and 
» the measuring station M. When testing, the transmission between transponder and 
measuring station must take multipath propagation into consideration so that fade- 
out does not take place at the frequency used. The height of the antenna adjacent to 
the transponder must be adjusted (small differences in height in a decimetre range 
are involved). This can be carried out in advance. 
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Transponder B 
Transponder C 
Transponder D 
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The testing sequence is as follows: 

culTl meaSUn " n9 SeqUenCe 3 ^ ° f naVi9ati0n data is used » of the 

current GPS postion of the ship, as well as its course. Navigation data is used to 

calculate output directions towards each transponder unit and the reference unit 

2. The frequency synthesizer is directed to the reference frequency, and the pulse 
generator (which is set for generation of bursts of pulses) ls triggered. The interval 
between the pulses in the burst is adjusted to the current geometry so that the 
received pulses at the measuring stations do not overlap. 

3. The reference jignal is sent from the multiple beam antenna to the measuring 
un«t. There the signal is detected in the special channel that has a fairly narrow 
band-pass filter for, in this example, 12.4 GHz. The detected pulse gives a trigger 
pulse that is input in the oscilloscope and other recording equipment 

4- The frequency synthesizer is quickly shifted to the first frequency (17 GHz) which 
is sent to the transponder A. 

5 5. The pulse is received by an omnidirectional antenna 9 in the transponder A and is 
converted to essentially 12 GHz (1 1.98 GHz). The pulse is amplified and sent via a 
narrow beam x-band hom antenna 13 that is directed to the measuring station M 
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6. The measuring station receives the 12 GHz signal from the transponder A, which 
rs detected in a DLVA. (Detector Loop Video Amplifier). The video signal from the 
DLVA is sent on to the oscilloscope and other recording equipment. 

7. The frequency synthesizer is quickly shifted to the second frequency (16 GHz) 
which is sent to the transponder B. 

8. The pulse is received by an omnidirectional antenna 9 in the transponder B and is 
converted to essentially 12 GHz (1 1.96 GHz). The pulse is amplified and sent via a 
narrow beam x-band horn antenna 13 that is directed to the measuring station M. 

9. The measuring station receives the 12 GHz signal from the transponder B, which 
is detected in a DLVA. The video signal from the DLVA is sent on to the oscilloscope 
and other recording equipment. 

10. The same procedure for transponders C and D. Subsequently transmission at 
the lower frequencies to transponders A to D begins. 

1 1. The measuring station M has received a total of 9 pulses and presented these 
on the oscilloscope and recorded them in. for instance, a measuring computer with 
data collecting equipment 

12. After a certain time, the procedure starts once more after new navigation data 
for the ship has been input. 

The invention may also advantageously be used when testing airborne jamming 
transmitters with electrically controlled antennas. The difference is that this is a more 
complicated scenario. For calculation, also the height coordinates must be used. 
When testing for flying targets, the number of targets should be limited to one, or 
possibly two. The targets that are to be illuminated with jamming energy may consist 
of, for instance, helicopters provided with transponders. 

r 

The difference in connection with flying targets is that the link to the measuring unit 
must have an omnidirectional antenna. Moreover, the current position of the target 
must be linked to the jamming aircraft at a communication frequency. 
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